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171 ~96 Pesticides Found in Ground Water below 
Orchards in the Quincy and Pasco Basins
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To investigate the potential effects of agricultural chemicals on the qual 
ity of shallow ground water beneath fruit orchards, we collected ground- 
water samples during 1994-95 from 40 wells~18 shallow domestic wells 
(averaging 151 feet deep) and 22 monitoring wells (shallow wells drilled 
specifically for this study averaging 40 feet deep). Areas with potential 
local sources of pesticides, such as chemical mixing or storage sites, were 
excluded. This study was conducted as part of the Central Columbia Pla 
teau National Water Quality Assessment (NAWQA) Program.

Highlights

Location of wells sampled for pesticides.

Water from 68% of 40 wells had detectable concentrations 
of 20 different pesticides and volatile organic compounds 
out of 144 compounds analyzed for.

Of the 16 detected compounds with existing human health 
criteria for drinking water, only 1,2-dichloropropane 
exceeded its criterion and in only one well.

More pesticides were detected in water from shallow moni 
toring wells than in water from shallow domestic wells.

Most of the pesticides detected (except the insecticides), 
are not used extensively on orchards in this study area. 
However, they all have been used on either the orchards or 
the surrounding cropland.

Almost half of the wells sampled had detectable concentra 
tions of more than one pesticide.

How do pesticides get into wells?
Most pesticides either break down or are taken up by plants or organisms. 
Rain or irrigation water can carry some of the remaining pesticides 
into the ground or to streams. --> »- Very shallow

monitoring
well

Shallow
domestic
well

Some pesticides stick to particles 
in the ground (adsorption) and some 
continue to break down.

Younger ground water

^cv- 
0/7 of

Shallow wells are more likely to 
contain pesticides than deep wells.

Tiny amounts of pesticides are carried to the water 
table, where some may continue to break down.

Older ground water may dilute the pesticides. 
Older ground water

NOT TO SCALE

-_ _V Water table

Deeper wells are less likely to contain 
pesticides due to the effects of dilution, 
adsorption, and breakdown.

Pesticide movement in the subsurface and relative proximity of wells to the orchards.
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Insecticides
All of the insecticides detected are 

used primarily on orchards in this study 
area. Three insecticides were detected; 
one or more were in samples from 5 of 
the 40 wells. Azinphos-methyl and 
methyl parathion rank first and seventh 
in amount of active ingredient applied to 
orchards in this study area (Anderson 
and Gianessi, 1995); both are also used 
on row crops but in much smaller quan 
tities. Dinoseb is a dormant fruit spray 
that was banned from use in the U.S. in 
1988; it was detected at 10% of its MCL 
of 7 micrograms per liter (|jg/L).

Herbicides

tion, 1974, 1991), and in most cases they replaced irrigated 
row crops. Ground water moves slowly enough that these pes 
ticides could be left over from previous crops, as evidenced by 
the presence of compounds that have been banned for many 
years.

Herbicides are typically more water soluble than other 
pesticides (Smith and others, 1988), giving them a greater 
potential to leach into ground water. Triazine compounds in 
particular have been shown to leach into ground water; three 
triazines were among the most commonly detected compounds 
in the study (40% of the wells had detections of atrazine, 52% 
had desethylatrazine, a degradate of atrazine, and 28% had 
simazine). Of these, atrazine was at the highest concentration 
(0.5 |Jg/L) and closest to its MCL of 3 |ig/L.

Volatile organics
Almost 70% of the volatile organic compounds (VOCs) 

detected were used on row crops prior to the early 1980s; they 
included the only compound we detected at a concentration 
above a drinking water standard: 1,2-dichloropropane 
exceeded its MCL (5 |Jg/L) in one well and was also the most 
frequently detected VOC. The chlorinated propanes such as 
1,2-dichloropropane are discontinued soil fumigants or their 
manufacturing by-products; they are not believed to be associ 
ated with orchards but have likely migrated beneath orchards 
or were applied before the orchards were planted. The rest of 
the VOCs we detected have been used in a variety of ways 
including the fumigation of stored grain.
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Are all these pesticides used on orchards?
No, only the three insecticides and the herbicides simazine and
diuron can clearly be associated with orchards; most of the
herbicides and volatile organic compounds probably migrated
beneath the orchards from surrounding crops or were applied
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PERCENT OF WELLS WITH DETECTIONS

60

Frequency of detection of selected pesticides used on orchards 
and row crops in the study area.

In the chart above, detected compounds are grouped by 
whether they are applied at higher rates on orchards or row 
crops, and are listed from highest to lowest usage rate within 
each group. (The degradates desethylatrazine and 2,6-diethyl 
analine are listed below their parent compound.) The darker 
bars reflect data from a similar study on row crops (Roberts 
and Jones, 1996).

The chart shows that the five compounds that are applied at 
higher rates on orchards were detected more frequently in 
wells near orchards. Similarly, 11 of the 14 detected com 
pounds applied at higher rates on row crops were detected 
more frequently in wells near row crops. However, usage rate 
is not an ideal guide in determining detection frequency. 
Within each group, the pesticides used at the highest rates were 
not detected most frequently, and other pesticides applied at 
similar or higher rates are not shown on the chart because they 
were not detected at all.
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Shallow wells are more contaminated

Shallow wells are generally more susceptible than deeper 
wells to contamination by chemicals applied at the land sur 
face, mainly because of the short distance between the land 
surface and the well. Therefore, there is less opportunity for the 
chemicals to break down 
by natural means, adsorb 
to minerals and organic 
matter in the ground, or be 
diluted by uncontami- 
nated water from canals 
and other sources.

The shallowest wells in 
this study had the highest 
rate and number of pesti 
cide detections (see 
graph); however, the effect 
of well depth is not very 
pronounced because the 
study focused exclusively 
on shallow ground water.
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Percentage of wells with pes 
ticide detections and num 
ber of detections by depth 
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The nitrate connection
The presence of nitrate 

in well water is another 
indicator of the potential 
for pesticide contamina 
tion because fertilizers (the 
primary source of nitrate) 
and pesticides are typically 
applied to the same areas. 
Nitrate in drinking water 
above certain levels can be 
a health concern, and is 
relatively inexpensive to 
analyze for. In this study, 
wells with higher nitrate 
concentrations generally 
had greater rates of pesti 
cide detections (see chart).
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NITRATE CONCENTRATION, 
IN MILLIGRAMS PER LITER

Percentage of wells with pesti 
cide detections by nitrate con 
centration categoiy.
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Multiple pesticides detected in many wells

Multiple pesticides were detected in about half of the 40 wells 
sampled. No domestic well had more than four pesticides per 
well, whereas monitoring wells had up to eight pesticides per 
well.

Health effects of multiple pesticides in drinking water are not 
well known; however, just as the effectiveness of pesticides may 
change (increase or decrease) when mixed together for agricul 
tural use, the effect on humans may change when pesticides are 
present in combinations. Currently, health criteria are set only for 
individual compounds. The U.S. Environmental Protection 
Agency (USEPA) is considering establishing health criteria for 
combinations of triazine pesticides, as well as for their individual 
breakdown prod 
ucts (USEPA, 
1994). Recent 
studies (Kolpin 
and others, 
1996), report that 
breakdown prod 
ucts of some com 
mon herbicides, 
including tria- 
zines, are detected 
as frequently as or 
more frequently 
than the parent 
pesticide.
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NUMBER OF PESTICIDES PER WELL

Number of wells with multiple pesticide 
detections.
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The National Water Quality Assessment (NAWQA) Program of 
the U.S. Geological Survey is designed to describe current water- 
quality conditions for a large part of the Nation's ground and sur 
face water, to describe how water quality is changing over time, 
and to improve our understanding of the natural and human factors 
that affect water quality. These goals are being achieved through 
investigations of 60 of the Nation's most important river basins and 
aquifer systems, referred to as study units.
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